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© A process for preparing hydroxyl derivatives of compounds containing a carfoazole, dibenzofurane 
or dibenzothiophene group. 



© Hydroxyl derivatives of compounds containing a carbazole. dibenzofurane or dibenzothiophene group such 
as ellipticine, are prepared by selectively introducing an RMJO group, in which R3 is hydrogen or alkyl. and then 
converting the R3-CO group into a hydroxyl group. 
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A process for preparing hydroxyl derivatives of compounds containing a carbazol , dibenzofurane or 

dibenzothiophene group. 



This invention generally relates to a process for preparing compounds containing the ring system 
according to formula 1: 



5 




10 

wherein X represents NR, O or S; 

R represents H, alkyJ, benzyl, phenyl, banzhydry!, SO2R 1 , COR 1 , COOR 1 ; 
R 1 represents alkyl, benzyl, phenyl, benzhydryl; 

which compounds may contain substituents such as alkyl groups, halogen atoms, nitro groups, sutfonyl 
is groups, ester groups, and sugar residues; and, if desired, may contain a ring system extended by one or 
more further rings, such as compounds containing the ring system according to formulae 2-5: 




in which R2 may have the same meanings as R. and, if desired, quaternlzed salts thereof. As used herein, 
quatemized salts means not only the salts of organic or inorganic acids, but also the reaction products with 
a compound R'-Y, in which Y represents a halogen atom and R' has the above meaning. 

The invention relates more particularly to a process for preparing compounds having formula 8: 



50 



0 257 701 



10 



75 



20 



25 



30 



35 



40 




(8) 



45 



SO 



55 



in which R represents H, alkyl. benzyl, phenyl, benzhydryl, SCW. COR', COOR'- 
R 1 represents alkyl, benzyl, phenyl, benzhydryl; 

R* represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, the group CHR«MCHRVA; 
FP represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, the group CHR«t(CHRVA; 
PP ^Presents hydrogen or. If R* represents hydrogen, may alternatively represent alkyl. benzyl, phenyl 

^eS' h !Zr^r C r R8)n ' A; <Bd Wherei " " iS 0 W 1: * hydrogetalkyl S^W 

SSf, P?" 8 ? a,ky ': ary ' ° r a P 088 *^ derlvatlzed hydroxymethyl group; A represents a possibly 
vaS™™T y W ^^reup. such as a sugar group or an hKCHrCrfeCfo group, and in whicMhe 

E P V Ca 7 fUrth9r substituente ' 8U *> as alkyl groups.halogen atoms, nitro groups, sulfonyl 
groups, ester groups, and sugar residues. «"««'yi 

hf> IT 686 *f mp0 " nds ' tt fe especially 8-hydroxyellipticine (formula 8. R=R6=H. R<=RS=methyl) (9. 
H? JUh denvabves wh.ch are of importance by reason of their anti-tumor activity. It has been found that 

HSU?* UV8S 9en9ra " y hav ° 8 «*«y than have the correspond non- 

suostituted compounds. Thus, for example. 9-HE is forty times more active against leukaemia thai ellipticine 

nr^ALl a JTT f° mpound wnich 030 156 Prepared, for example, starting from 5-hydroxy-indole. This 
process has the disadvantage, however, that the starting material. 5-hydroxy-indole. is difficult to prepare 
and hence expens.ve. The next stages in the synthesis are cumbersome and have low yields, so that this 
route of synthesis as a whole is unattractive. 

hv hSfAl* 1 - i* er de8cribe 8 Precess for the preparation of 9-HE from 9-methoxy-ellipticine (9-ME) 

S!*,!? 9 P*"!! 8066 <* PyHdiniu ' n cnloride J- Med. Chem-Chim. Ther., 198M5. 503). 

S^^SZ TZ i8 Pr9pared in 8 pr0Cess which fe **» cumbersome, storting from 

&-nyaroxy-indole, so that it offers no advantages over the above process. 

' f •J? * 9nd ® av ° ured to use the natural product ellipticine as the starting product, and to prepare 
9^HEfrom to* by a hydroxylation reaction. Generally speaking, however, ft is difficult to introduce a 
stJbstitoent.nto a polycycfic system like the present one in a somewhat selective manner, that is to sav 
wrthout obtainmg mixtures of isomers. In C.R. Acad. Sc. Paris 281 (1975). 623*26. a process* de^rS 

Lt«S*? HEby SUbj8Ctin9 e " iptiCine "—"fr <° bromination. amLon, diazoSn. 
a^prSmatoTy lo% & " ^ ***** * eXbem9,y tebortou8 synth^ S 

simi£Co^ f ° r ^ PreP8rati0n ° f hydroXy ' derfVaaveS 0f elli **™ « 

and which process does not have the above disadvantages 

nJS?^ * bee " found 8uch 8 process is P rovided b V ^ess according to the 

SZfJSSe ' S CharaCterfZed by ""^ 8 "ending compound containing toe ring 

into a compound containing the ring system of formula 7 
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in which R 3 represents hydrogen or alkyl; 

converting the R3-CO group into an OH group, and if desired providing the resulting compound with certain 
substituents and/or, if desired, converting it into a quatemized salt. 

Preferably, a compound of formula 8 is prepared by converting a corresponding compound having 
6 formula 9: 



R5 d6 (9) 



70 



30 



40 




in which R represents H, alkyl, benzyl, phenyl, benzhydryl, SO2R 1 , COR 1 , COOR'; 
75 R 1 represents alkyl, benzyl, phenyl, benzhydryl; 

R d represents hydrogen, alkyl, benzyl, phenyl, benzhydryl; 
R 5 represents hydrogen, alkyl, benzyl, phenyl, benzhydryl; 

R B represents hydrogen, or, if R 5 represents hydrogen, may also represent alkyl, benzyl, phenyl, benz- 
hydryl; 

20 and in which the various groups may carry further substituents, such as alkyl groups, halogen atoms, nitro 
groups, sulfonyl groups, ester groups; 
into a compound having formula 10: 



R 



In which R, R 4 , R 5 and R 6 have the meanings specified above, and R3 represents hydrogen or alkyl; 
converting this compound having formula 10 into a compound having formula 8, in which R, R«, R* and R 6 
have the above meanings; 

if desired coupling a sugar residue to one or more of the side groups present; and/or converting one or 
os more of the side groups present into another side group; and/or forming a quatemized salt 

Particularly preferably, there is prepared a 9-hydroxy-elIipticine derivative having formula 11 



R CH 3 



(ID 



45 in which R represents hydrogen or methyl; 

R 5 represents methyl or the group CHR'O-fCHR 8 ),, -A; 
n is 0 or 1; R 9 represents hydrogen, alkyl or aryl; 

R»° represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyl group; A represents a possibly 
substituted hydraxyl or amino group, such as a sugar group or an N(CHrCH2CI)2 group by convertino a 
so corresponding compound having formula 12: 




(12) 
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in which R represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, SO2R 1 , COR 1 , COOR 1 , and 
R 1 represents alkyl, benzyl, phenyl, benzhydryl; 
into a compound having formula 13: 




(13) 



in which R has the above meanings and R 3 represents hydrogen or alkyl; 

converting this compound having formula 13 into a compound having formula 11, in which R has the above 
is meanings and R 5 represents methyl or CHR*4CHRVA, wherein n is 0 or 1; FP represents hydrogen, alkyl 
or aryl; R 10 represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyl group; A represents a 
possibly substituted hydroxyl or amino group, such as a sugar group or an NfO-fe-ChfeClfc group; 
if desired removing group R if it does not represent hydrogen, or, if it is not a methyl group, converting it 
into a methyl group. 

20 The first stage of the reaction is an aromatic substitution, in which an RMX) group is introduced 
selectively. In this formula, R 3 represents a hydrogen atom or an alkyl group. This can be effected using the 
FrieQel-Crafts acylatioj, in which an add chloride RMJOX, in which X represents a halogen atom and R 3 
represents an alkyl group, or a carboxylic anhydride is reacted with an aromatic compound in the presence 
of a catalyst Suitable catalysts are Lewis acids, such as AlCb, FeCb, SnCU, etc. 

25 it is also possible to use thexVilsmeyef reactior|to introduce a formyl group. 

For this purpose the conversion is carried out with a compound having the formula HCONtR 8 ^, in which 
R a represents an alkyl group, in the presence of POCb. The preferred solvent here is dimethyl formamide. 
Preferably, however, an equivalent of the Friedel Crafts acylation is used, for example, the reaction with 
HahCH-0-R 7 r in which hal represents a halogen, such as CI or Br and R 7 represents an alkyl, benzyl or 

30 benzhydryl group. The compound dichloromethylmethyl ether has been found to be very suitable. 

The reaction proceeds under the influence of any Friede) Crafts cataly^, but preferably in the presence 
of AlClg Any solvent suitable for carrying out a Friedel Crafts acylation, such as anhydrous T^p, ether, 
nitrobenzene, ChbCtz, etc., can be used. It is of importance that the reaction Is carried out under dry 
conditions, preferably under an atmosphere of a dry inert gas,^uch as nitrogen^ 

35 The reaction is carried out at a temperature of -30 to + 30°, preferably a temperature of about 0°C. 

In this first stage, the selectivity of the acylation is surprising, because aromatic substitution reactions 
often produce mixtures of products. Thus applicants have found that the nitration of ellipticine leads to a 
mixture of isomers. 

The product of the first reaction stage is subsequently processed in the usual manner, such as, for 
40 example, extraction with an organic solvent, washing the solvent layer with aqueous solutions, evaporating 
the solvent and purifying, e.g., over a silica gel column. 

The second reaction stage is the conversion of the R3-CO or H-CO compound formed in the first stage, 
this conversion is carried out as a B^yer-Vlinger re-anrangement^n which an aromatic aS&1^e or keton^ 
is reacted with a ta^dbsperaxlde^such as a peracid or hydrogen peroxide In acid medium to produce a 
45 phenol-type compound. 

In the reaction, an organic peracid in an organic solvent can be used. Preferably, however, the reaction 
is carried out using 30% hydrogen peroxide and an inorganic acid, as in that case, there is virtually no 
oxidation of any unprotected nitrogen atoms that may be present in the molecule. 

If desirable for the solubility of reactants of the product, a water-miscible organic solvent, such as 
so methanol, may be added, If desired. 

The reaction temperature is not particularly critical; preferably, the reaction is carried out under reflux 
conditions. After completion of the reaction, the reaction product is refined and purified by known methods. 

Surprisingly, there are hardly any side reactions in this second stage, such for example as the oxidation 
of methyl groups or the oxidation of the aldehyde to form a carboxylic acid. 
55 After the introduction of an OH group into the rnotecule in the above manner, other substituents may be 
Introduced or Oor N-derivatives may be prepared, e.g. sugar residues may be attached to one or more of 
the side groups as desired. Also, one or more of th side groups may be converted into a different group, 
or a quatemized derivative can be prepared. 
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Thus, for example, for better solubility, a sugar group may be attached to the molecule by converting 
one of the methyl groups into a CHHCHRVOH group, in which n is 0 or 1. and R 9 represents hydrogen, 
alkyf or aryi, and coupling a sugar residue to this in a manner known per se. 

For this purpose, for example, the hydroxylated compound, preferably a compound having formula 15, 
if necessary after protecting the hydroxyl group with a base, is converted into it anion, which is next reacted 
with a compound having formula R 9 -CHO, in which R 9 is hydrogen, alkyl, or aryl, such as phenyl. A suitable 
compound is, for example, paraformaldehyde. 

Preferably, a compound is formed having the formula 



zo 



i'CH 2 ) 2 0K 

R CH 3 



(16A) 



in which Z represents hydrogen or a protective group. Thereafter, the compound is reacted with a sugar, 
possibly activated in one position and for the rest protected. Suitable sugars are all known sugar residues, 
both mono-and oligosaccharides, e.g. f glucose, galactose, maltose, etc. Thereafter the protective groups are 
removed. 

Finally, the compounds formed may be converted into their quatemized salts, which makes them less 
sensitive to oxidation and better soluble. These salts are prepared in known manner. 

The invention is illustrated in and by the following example, which is given by way of illustration only, 
and must not be construed as limiting the invention in any way. 



Example 

A. Formylation of 6-methylelliptidne. 

6 g aluminium chloride (45 mmoies) was added to 225 ml dry dichloromethane under nitrogen, and the 
suspension was stirred at room temperature for 10 minutes. To the suspension, 5.85 g 6-methyiellipticine 
(22.5 mmoies) was supplied, the mixture was stirred at room temperature for 10 minutes, and then cooled 
to 0°C. Subsequently, 4 ml dichloromethylmethylether (45 mmoies) in 80 ml dry dichloromethane was 
added dropwise to the aluminum chloride suspension over 1.5 hours, and the mixture was stirred at 0°C for 
another 1.5 hours. 

Thereafter the reaction mixture was poured into a solvent mixture of water (1.1 I) and chloroform (600 
ml) and to this mixture NazC03 was added until a pH of about 8 was reached. The organic layer was 
separated and the water layer was twice extracted with chloroform. 

The combined chloroform layers were washed with 200 ml saturated Na2C03 solution and 200 ml 
saturated NaCI solution. After drying the chloroform solution on anhydrous Na2SOi and evaporating the 
solvent the product was obtained as a foam. This was stirred with 100 ml ethylacetate to give a crystalline 
product, which was separated by filtration. From the filtrate, another 0.8 g material was obtained. Total yield 
was 5.95 g (91% of theory), the melting point was 215°C. Further purification by means of column 
chromatography (silica gel, eluent CH3OH/CH2CI2 4:100) gave the pure product having a melting point of 
223-226°C. Analysis gave the following results: 

IR (CHCbr 1677, 1590 cnrr 1 . PMR (CDCfo): 8 10.07 (s. 1H, -CHO), 9.64 (s, 1H, H-t). 8.66 (d, 1H, J 8t0 = 1.2, 
H-10), 8.52 (d, 1H J 3l 4=5.9, H-3), 8.03 (dd, 1H, j 8 ,i 0 = 1.2, J 7i8 = 8.5, H-8), 7.85 (d, 1H, J 94 = 6.2, H-4), 7.37 
(d. 1H, J73 = 8.5, H-7), 4.06 (s, 3H. N-Me), 3.14, 2.96 (2xs r 6H, 5-Me + t1-Me). 



B. Formation of 6-methyl-9-hydroxyellipticine. 

4.23 g &Hrnethyf-9-fermyIeiHpticine (15 mmoies) was suspended in a mixture of 150 ml water and 150 
ml m thanol. To ttiis mixture, 2^5 mi 95% H2SO4, followed by 3.75 ml 35% hydrogen peroxide solution 
were added with stirring. The resulting mixture was then refluxed for 22 hours, an additional portion of 
hydrogen peroxide was added (2 ml) and after cooling the mixture was poured into 200 ml water. 
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The red precipitate which separated in this stage was stirred with 200 ml CHCb for 0.5 hour, whereafter 
100 mi methanol was added and - dropwise -a solution of 90 g Na Ac. 3H2O in 100 ml water. 1 I CHCb, 100 
ml methanol and 500 ml water were added, the mixture was shaken, and the organic layer was separated, 
washed with 200 ml saturated NaCI solution and dried over Na2S04. The solvent was removed by 
5 evaporation; 100 ml ethyl acetate was added to the residue, and the mixture was stirred, whereafter 3.34 g 
product was obtained. The filtrate produced another 0.51 g of material. The total yield was 3.85 g (83% of 
theory), with .the melting point being > 350 °C. 

Analysis gave the following results: 
IR (KBr): 1580, 1390, 1475 cm* 1 - PMR (DMSO-de): 9.76 (s, 1H, h-1). 9.49 (s, 1H, OH), 8.39 (d,1H J 34 = 
70 6.4, H-3) 8.25 (d, 1H. J 3 , 4 = 6.4, H-4) 7.80 (d, 1H. J 8 , T0 = 2, H-10), 7.52 (d, 1H, J 7 , 8 = 8.8. H-7), 7.6 <dd, 1H, 
J7.8 - 8,8, J 8 ,io = 2, H-8), 4.11 (s, 3H, NCH3), 3.14 (s, 3H, H-CH3), 3.00 (s, 3H. 5-CH3). 



Claims 

75 

1. A process for preparing compounds containing the ring system according to formula 1: 



20 




25 wherein X represents NR. O or S; 

R represents H, a!kyl, benzyl, phenyl, benzhydryl, SO2R 1 . COR 1 , COOR 1 ; 
R 1 represents alkyl, benzyl, phenyl, benzhydryl; 

which compounds may contain substituents such as alkyl groups, halogen atoms, nltro groups, sulfonyl 
groups, ester groups, and sugar residues; and, if desired, may contain a ring system extended by one or 
30 more further rings, such as compounds containing the ring system according to formulae 2-5: 




(4) (5) 

in which R2 may have the same meanings as R, and, if desired, quatemized salts thereof, which comprises 
converting a corresponding compound containing the ring system of formula 6 
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into a compound containing the ring system of formula 7 
in which R 3 represents hydrogen or alky!; 

converting the R 3 -CO group into an OH group, and If desired providing the resulting compound with certain 
substituents and/or, if desired, converting it into a quatemized salt 

2. A process as claimed in claim 1, preparing a compound having formula 8: 



20 




in which R represents H, alkyl, benzyl, phenyl, benzhydryl, SO2R 1 . COR 1 , COOR 1 ; 

25 R 1 represents alkyl. benzyl, phenyl, benzhydryl; 

R 4 represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, the group CHR^CHRVA; 

R 5 represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, the group CHR 10 -(CHRVA; 

FP represents hydrogen or, if R 5 represents hydrogen, may alternatively represent alkyl, benzyl, phenyl, 

benzhydryl, the group CHR 1( 4CHRVA; and wherein n is 0 or 1; R & represents hydrogen, alkyl or aryl; 

30 R 10 represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyl group; A represents a possibly 
substituted hydroxyl or amino group, such as a sugar group or an NfCHrChfeClfe group, and in which the 
various groups may carry further substituents, such as alkyl groups, halogen atoms, nitro groups, sulfonyl 
groups, ester groups, and sugar residues, by converting a corresponding compound having formula 9: 



35 



40 



55 



R 5 R6 

R 



in which R represents H, alkyl, benzyl, phenyl, benzhydryl, SO2R 1 , COR 1 , COOR 1 ; 
R 1 represents alkyl, benzyl, benzyl, phenyl, benzhydryl; 
R 4 represents hydrogen, alkyl. benzyl, phenyl, benzhydryl; 
45 R 5 represents hydrogen, alkyl. benzyl, phenyl, benzhydryl; 

R 6 represents hydrogen, or, if R 5 represents hydrogen, may also represent alkyl, benzyl, phenyl, benz- 
hydryl; 

and in which the various groups may carry further substituents, such as alkyl groups, halogen atoms, nitro 
groups, sulfonyl groups, ester groups; 
so into a compound having formula 10: 

8 R5R6 



R3 - e o^ (10) 

R R* 



8 
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in which R t R* R 5 and R 6 have the meanings specified above, and R 3 represents hydrogen or alkyl; 
converting this compound having formula 10 into a compound having formula 8. in which R, R A . R 5 and R 6 
have the above meanings; 

if desired coupling a sugar residue to one or more of the side groups present; and/or converting one or 
more of the side groups present into another side group; and/or forming a quatemized salt. 
3. A process as claimed in claim 1 for preparing an ellipticine derivative having formula 11 



R CH 3 



in which R represents hydrogen or methyl; 

R? represents methyl or the group CHR'^CHR 9 ),, -A; 

n is 0 or 1 ; R 9 represents hydrogen, alkyl or aryl; 

R 10 represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyl group; A represents a possibly 
substituted hydroxyl or amino group, such as sugar group or an NfCrVCHzCffc group by converting a 
corresponding compound having formula 12: 




(12) 



in which R represents hydrogen, alkyl, benzyl, phenyl, benzhydryl, SOaR 1 , COR 1 , COOR\ and 
R 1 represents alkyl, benzyl, phenyl, benzhydryl; 
into a compound having formula 13: 

(13) 




in which R has the above meanings and R 3 represents hydrogen or alkyl; 

converting this compound having formula 13 into a compound having formula 11, in which R has the above 
meanings and R 5 represents methyl or CHR«4CHR)-A, wherein n is 0 or 1; R* represents hydrogen, alkyl or 
aryl; R 10 represents hydrogen, alkyl, aryl or a possibly derivatized hydroxymethyl group; A represents a 
possible substituted hydroxyl or amino group, such as a sugar group or an NfCrVCI-feCI)?) group; 
if desired removing group R If It does not represent hydrogen, or, if it is not a methyl group, converting it 
into a methyl group. 

4. A process as claimed in any of claims 1-3, in which the first reaction stage comprises the 
introduction of a formyl group (R 3 = hydrogen). 

5. A process as claim d in claim 4, wherein the formyl group is introduced by means of a FHedel cm$^ 
Grafts formy4atfc>n reaction, and a subsequent^ydrotystsistage. 

6. A process as claimed in claim 5, which comprises using as the formyiation ag nt a compound having 
55 formula 14: 

HabCH-OR 7 (14) 

in which Hal represents a halogen, such as chlorine or bromine; and R 7 represents alkyl, benzyl or 
benzhydryl. 
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7. A process as claimed in claim 6, in which the formylation agent used is CI2CH-O-CH3. 

8. A process as claimed in any of claims 5-7, wherein the Friedel and Crafts catalyst used is AlCb. 

9. A process as claimed in any of claims 5-8, in which the formylation reaction is carried out in an 
organic solvent while excluding water and at a temperature of between -30° and +30°C. 

5 10. A process as claimed in claim 9, in which the reaction is carried out in dichloromethane at a 
temperature of 0-25°C. 

11. A process as claimed in claim 4, wherein the formyl group is introduced by means of a Vilsmeyer 
reaction. 

12. A process as claimed in claim 11, in which the conversion is carried out with a compound having 
to the formula HCON(R 8 )2, in which R 8 represents alkyl, in the presence of POCI3. 

13. A process as claimed in claim 11 or 12, in which dimethylformamide is used as the solvent 

14. A process as claimed in any of claims 1-13, in which the second reaction stage is a Baeyer-Villiger 
re-arrangement 

15. A process as claimed in claim 14, in which the Baeyer-Villiger re-arrangement is carried out with a 
75 hydroperoxide, such as hydrogen peroxide or a percarboxylic acid, in an acid medium, 

16. A process as claimed in claim 14 or 15, in which the Baeyer-Villiger re-arrangement is carried out 
with H2O2 in an aqueous, acidic medium. 

17. A process as claimed in any of claims 14-16, in which the Baeyer-Villiger re-arrangement is carried 
out at a temperature between 0°C and the boiling point of the reaction mixture. 

20 18. A process as claimed in any of claims 1-17, in which a sugar residue is attached to the 
hydroxylated compound by first converting a methyl substituent that is present into a CHHCHRVOH 
group, in which n = 0 or 1 and R 9 represents hydrogen, alkyl or aryl, and coupling a sugar residue thereto 
in a manner known per se. 

19. A process as claimed in claim 18, in which a compound having formula 15: 



25 



30 



40 



Cffc 
R CH 3 



(15) 



in which R represents hydrogen or methyl, is converted by means of a base and formaldehyde into a 
& compound having formula 16: 



R CH 3 



(16) 



and that compound is reacted with a sugar, such as glucose, galactose, maltose, and the like, in which, if 
desired, one or more hydroxyl groups are activated or protected. 

20. A process as claimed in any of claims 1-19, in which a compound having formula 15 is quatemized 
to produce a compound having formula 17: 



55 




(17) 



in which R represents hydrogen or methyl and D" represents an anion, such as acetate, iodide, and the like. 
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